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ABSTRACT 
The spawning biomass of Pacif ic  herring,  Clupea harengus p a l l a s i ,  i n  
San Francisco and Tamales Bays was estimated t o  be 46 000 tons and 6600 
tons, respectively,  during the  1984-85 season. Biomass increased 15% 
fo r  San Francisco Bay and 500% f o r  Tomales Bay over those of the previ- 
ous season, 
The dramatic increase i n  the Tomales Bay biomass est imate is a t t r i bu t ed  
t o  a change i n  the  spawning hab i t s  of herring during the  1983-84 season, 
i n  which herring did not re turn t o  Tomales Bay a s  expected. This season 
herring returned t o  Tomales Bay and the biomass increased, nearly equaling 
the long-term average biomass of 6700 tons. 
In  San Francisco Bay, the  modest increase of 6000 tons represents the  f i r s t  
increase i n  three  seasons. 
The geographical d i s t r ibu t ion  of herring spawning within San Francisco Bay 
has changed during the  past  three  seasons. From 1983 t o  1985, over 60% of 
each season's spawning escapement occurred south of Treasure Island, Pr ior  
t o  t ha t ,  from 1973 t o  1982, nearly 80% of the escapement was north of 
Treasure Island,  
The monthly d i s t r i bu t ion  of herring spawning has changed l i t t l e  over the  
course of t h i s  study, except from 1980 t o  1982 when there  was more spawning 
i n  December than a t  any other  t i m e ,  
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INTRODUCTION 
In 1973, the California Department of Fish and Game began estimating the 
annual spawning biomass of Pacific herring, Clupea harengus pallasi, in Tomales 
and San Francisco Bays (Spratt 1981). Biomass is derived from estimates of eggs 
deposited during the season. Both bays are relatively small and well suited for 
intensive spawning-ground surveys, I 
! 
The recent El NiXo from 1982-1984 had a serious affect on the herring popu- 
lations of both Tomales and San Francisco Bays in the 1983-84 season (Spratt i 
l984a). The El ~ i c o  weakened in 1984 and both populations responded favorably 
with biomass increases in the 1984-85 season, 
Spawning biomasses are estimated for Tomales Bay and San Francisco Bay 
during the 1984-85 season, and this report continues the series of annual her- 
ring spawning biomass estimates from 1973-74 onward, These data are the basis 
of the herring roe fishery management plan, 
DESCRIPTION OF STUDY AREA 
Tomales Bay 
Tamales Bay lies in Marin County, a short distance north of San Francisco, 
It is 20 lcm (12.4 mlles) long and averages more than 1.5 km (0.9 miles) wide, / 
Rardwick (1973) determined that eelgrass, Zostera marina, W a s  the predominant 
marine flora in the bay. The distribution of eelgrass changes slightly each 
year and the present distribution (Figure 1) was determined in March of 1985. 
There are other species of marine flora in Tomales Bay, but eelgrass is the only 
one used to determine herring bioasass. 
San Francisco Bay 
The port ion of San Francisco Bay covered by regular  d a i l y  surveys includes 
. a l l  shore l ine  and shallow s u b t i d a l  areas  t o  a depth of 4.6 m (15 f t )  bounded by 
>4 
the Golden Gate Bridge on the  west, the  Richmond Bridge on the  nor th ,  Hunters 
Point on the  south,  and the  e a s t  bay shore l ine  between Richmond and Oakland 
(Figure 2). Other a reas  of the  bay were surveyed a s  needed. 
Herring spawn i n  San Francisco Bay i n  both i n t e r t i d a l  ( p a r t l y  exposed a t  
low t i d e )  and s u b t i d a l  (never exposed a t  low t i d e )  areas .  I n t e r t i d a l  spawns a r e  
on the  shore l ine  and cover a l l  s u i t a b l e  subs t ra te  i n  the  a rea ,  including bare 
rocks, sand, p i e r  p i l i n g s ,  and marine f l o r a .  Subtfdal.spawns genera l ly  occur i n  
areas  of the  bay shallower than 4.6 m (15 f t )  where vegetati.on beds such a s  
Zostera marina, Grac i l a r i a  sp., and - Ulva s p .  a r e  found, but may a l s o  occur i n  
& , 
shallow, rocky o r  hard bottom a r ras .  Broad, shallow mudflats t h a t  lack vegeta- 
t i o n  a r e  not u t i l i z e d  by herr ing a s  spawning areas .  
Tomales ~ ~ & & l i n ~  Techniques 
surveys were conducted from December 3, 1984 
techniques have remained unchanged s ince  1973 
(Figure 1) was sampled d a i l y ,  a s  the  weather 
permitted, from a 4.6-m (15-ft) boat by towing a vegeta t ion sampler through the  
bed. 
Eelgrass beds were remeasured i n  March t h i s  season and these  new data were 
used t o  ca lcu la te  the  spawning biomass f o r  the season. Previous es t imates  of 
ee lgrass  densi ty ,  ranging from 0.5 t o  4.0 kg/m (Spra t t  1981), were applied t o  
each bed by subject ive  on-sight inspections.  
' San Francisco Bay Sampling Techniques 
This season's spawning-ground surveys were conducted from November 13, 
1984 until March 15, 1985. The sampling techniques used in San Francisco Bay 
continue to evolve in response to changes in the spawning habits of herring. 
Subtidal spawns were the major type of spawning in San Francisco Bay until the 
1982-83 season when herring began to favor the San Francisco waterfront pier 
pilings over Richardson Bay. Quantitative sampling of subtidal vegetation in 
the bay by SCUBA was continued and methods used to sample subtidal spawns were 
not changed from previous seasons (Spratt 1984a). 
Sampling of intertidal spawning areas of the bay, other than the San 
Francisco waterfront, also was unchanged from previous seasons (Spratt 1984a). 
However, the pier pilings along the San Francisco waterfront presented a new 
spawning substrate that required new sampling methods. The actual collection of 
2 
egg samples was unchanged; a 100-cm sample of eggs was removed from selected 
areas on the pilings. The problem encountered was how to esti 
area of spawn deposited. In previous seasons t h i m  a&omplished by measuring '1 
the perimeter of those piers with egg deposits, treating this as shoreline, and I 
using an area expansion factor (2x or 3x) based on the width of the pier to com- I 
pute the linear length of the spawn. The width or depth of spawn deposits on 
the pilings was determined by hanging ropes from the piers at regular intervals. 
When a spawn occurred, the ropes in the area were pulled up and examined. The 
width of the spawn was measured from the length of rope with herring eggs on it. 
In most cases, eggs were deposited to the bottom of the rope or to a depth of 
over 9.2 m (30 ft). The spawn width and linear length of shoreline were used to 
compute surface area of spawn along the San Francisco waterfront until this sea- 
son. The estimate of surface area was improved by counting the number of pier 
pilings and determining the surface area of the pilings. These data were pro- 
, 
4 
vided by the herring .research project. 
The surface area estimates derived separately by the two methods do not 
follow a uniform pattern. Some piers have larger area estimates with the new 
method, while others have smaller area estimates with the new method. The total 
spawning area available with the old method was JOO 000 m2; it is 750 000 m 2 
with the new method. This 6% increase in total spawning area available along 
the San-Francisco waterfront will not increase biomass estimates significantly; 
m- 
confidence intervals of biomass estimates are much larger thgn 6%. Some spawns, 
. . 
depending on their location on the waterfront, could be estimated lower with the I 
8 
new method. While not changing results significantly, it does add a measure of 
objectivity that had been lacking. Hopefully, this more accurate spawning area 
eaeimtion will contribute to a more accurate spawning biomass estimation. 
- 
---. 
- B ~ G ~ S S  Cornpitation 
The method used to convert the number of herring eggs spawned to tons of 
spawners was improved in the 1983-84 season with the addition of sex ratio 
estimates for each individual spawning run (Spratt 1984a). There is a gradual 
increase in the percentage composition of females in the spawning runs as the 
season progresses. These data for 1984-85 were obtained from San Francisco Bay 
(Paul Reilly pers. corn.), but were also applied to Tomales Bay, for the first 
time, and I assumed that Tomales Bay herring runs have similar sex ratios. 
Fecundity of herring was estimated again this season because last year's 
, 
estimate of 220 eggs per gram of female (Reilly and Moore 1984) was thought to 
, 
be low due to the poor environmental conditions. The new fecundity estimate is 
227 eggs per gram of female (Paul Reilly pers. comm.); while the-increase is not 
i 
significant, it is used in this season's btomass estimates. With the new fecun- 
I 
I 
dity estimate and sex ratio data, the conversion factors changed during the 
season in both Tomales Bay (Table 1) and San Francisco Bay (Table 5). 1 I 
I 
RESULTS I 
I 
Tomales Bay 
There is a total of 32 known eelgrass beds in Tomales Bay (Figure 1). Bed 
measurements in March 1985 (Table 2) were limited to areas utilized by herring 
this season. Noticeable changes in bed size from previous measurements (Spratt . 
1984) are as follows: bed No. 2 increased 30%; bed No. 4 disappeared; beds No. 
5 and No. 8 both doubled in size. The density of eelgrass (kglm) was similar to 
past seasons except for bed No. 3, which decreased by 50%. 
Spawning in Tomales Bay began slowyy this season. The first major spawning 
run did not begin until January 27, 1985 (Table 1). About 88% of the season's 
spawning occurred between January 27 and February 3, 1985. This is unusual; - 
normally during the season, there are three or four major spawns with several 
smaller spawnings interspersed. The largest spawn on January 27 and 28 on bed 
No, 22 (Table 1) accounted for over half of this season's spawning escapement, 
and 90% of the spawning during the season was south of Hog Island along the west 
side of Tomales Bay (Figure 1). 
I 
I About 90% of the spawning escapement occurred in January this season 
1 (Table l), and from 1973 through 1985, January has accounted for 68% of all 
I opawning activity in Tomales Bay (Figure 3). December generally is too early 4 
1 -  - - - - in the - - - - - -  seasorr for major - - spawns, - - but about half of the time there is significant 
- - - - 
- - - - 
I - - - - -  - - - - -  I 
spawning escapement in Febrcsry. 
1 The Tomales Bay population was estimated at 1280 tons in 1984 (Spratt 
I 1984a). This season spawning escapement increased to 6156 tons (Table l), and 
I spawning biomass, which includes the catch, rose to 6586 tons (Table 3). The 
I long-term average spawning biomass for Tomales Bay (excluding the anomalous sea- 
I sons of 1977-78 and 1983-84) is 6700 tons.,, The increase in the Tomales Bay her- 
1 ring population estimate to a near normal level coincides with the weakening of 
1 the 1982-84 El N~XO. It is evident that the poor 1983-84 season was due to a 
- - - 3 - - - - - - - -  - - - - - - - - -  - - - - -  
- - - - 
- - - -  
change in the distribution or spawning habits of Tomales Bay herring. 
Confidence Limits 
A 95% confidence interval was calculated for each herring spawn during the 
season (Table 4). The largest spa- of the season was estimated at 3270 tons 
- 
d v i d u a l  estimates, over half had confidence in- +1900. Of the rem 
- 
the estimate. 
,--- San Francisco Bay 
Department divers surveyed subtidal spawning areas of the bay on October 31 
and- November 1, 1986 to estimate-the &ensity of vegetation. T h e  east bay -be- 
tween Richmond and Oakland was not surveyed again this season because of lack of 
vegetation in the area. During the season, our vegetation sampling device was 
used repeatedly between Richmond and Oakland with very little positive results. 
The vegetation density in all areas sampled increased this season. Richardson 
Bay had a mean vegetation density of 0.029 kg/m (figure 4), and increased from 
.005 kg/m in 1983 (Spratt 1984a), but remains well below the 1981 density of 
-480 kg/m (Spratt 1982). Belvedere Cove vegetation densit'ies averaged 0.280 
kg/m (Figure 4), up from ,053 kg/m in 1983 (Spratt 1984a). Densities in Kiel 
Cove (Figure 4) increased ten fold to 1.368 kg/m and the vegetation bed on Angel 
Island near Point Stuart (Figure 4) more than doubled in density to 3.3 kg/m. 
Significant spawning occurred in all areas surveyed except Richardson Bay which 
continues to exhibit very low vegetation density. The season's first two spawns 
were found by herring research project personnel on November 1 and 8, 1984 at 
Kiel Cove (Table 5) before spawning-ground surveys were started. There were 11 
spawning runs during the season (Table 5 ) .  
Subtidal spawning was a major component of spawning escapement in San 
Francisco Bay from 1979-80 until the 1981-82 season, In the 1982-83 season 
subtidal spawning began to decline and in the 1983-84 season subtidal spawning 
accounted for less than 10% of spawning escapement (Spratt 1984a). In the 
1984-85 season subtidal spawning was again minor and accounted for only 8% of 
the season's spawning escapement and was limited to the northern portion of San 
Francisco Bay (Figure 5). 
Over 90% of the 1984-85 spawning escapement was intertidal and herring 
once again preferred the San Francisco waterfront pier pilings over other 
spawning areas of the bay. While most of the intertidal spawning was in the 
southern portion of the bay (Figure 61, about one third of the intertidal spawn- 
ing occurred in the northern portion of the bay (Figure 7). The season's two 
l a r g e s t  spawns were along the  San Francisco water f ront  (Table 5). However, 
major spawns a l s o  occurred a t  Belvedere, Tiburon, and Angel Is land (Table 5). 
There were no spawns a t  Treasure Island o r  the  e a s t  Bay t h i s  season. 
, 
I 
Spawning escapement was estimated a t  over 38 000 tons of herr ing .  Includ- 
ing  the  ca tch  of pre-spawning herr ing  from the  roe f i s h e r y ,  the  spawning biomass - 
f o r  t h e  1984-85 season is  over 46 000 tons (Table 6). This represents  a 15% 
increase  over the  1983-84 es t imate  of 40 000 tons  and reverses  a decl in ing trend 
t h a t  has seen the  population drop from a peak of 100 000 tons i n  t h e  1981-82 
season. 
Dis t r ibu t ion  of Herring Spawning 
The d i s t r i b u t i o n  of herr ing  spawning i n  ,~.. San FranciscoeBay has changed dra- 
. . 
matica l ly  over the  course of t h i s  study (Figure 8).  The e a s t  Bay has never been 
4 
a major spawning area .  The nor th  port ion of the  Bay (north of Treasure Is land)  
decl ined i n  importance the  pas t  th ree  seasons, while the  south  por t ion  of the  
Bay (Treasure Island t o  Coyote P t . )  has incre.ased t o  the  point  where i t  is  now 
the  primary spawning a r e a  of the Ray. Herring have not  abandoned the  northern 
- 
par t  of t v - p r i n c i p a l l y  Richardson Bay, but  the  d i s t r i b u t i o n  of spawning 
./ 
h+&initely changed. There a r e  small vegetat ion beds remaining i n  Richardson 
Bay t h a t  he r r ing  seek out  and spawn on, and i f  t h e  dens i ty  of G r a c i l a r i a  sp. /
ever r e tu rns  t o  the high l e v e l s  found from 1979 t o  1981, he r r ing  w i l l  a l s o  
r e tu rn  t o  Richardson Bay i n  measured numbers. Richardson Bay i s  an ecologica l  
sanctuary where commercial f i s h i n g  i s  not allowed. Spoil ing of t h e  grounds 
(i.e. l o s t  n e t s ,  dead and decaying f i s h  e t c . )  has been suggested a s  a poss ib le  
reason f o r  changes i n  spawning hab i t s  of he r r ing  i n  Canada (Webb 1983); t h i s  is 
not  the  case i n  Richardson Bay. 
The monthly d i s t r ibu t ion  of herring spawning i n  San Francisco Bay has been 
uniform, except f o r  the 1979-80 t o  1981-82 seasons when there was more spawning 
i n  December than a t  any other time (Figure 9). The good December spawning coin- 
cided 'with the opening of December t o  herring f ishing i n  <he 1980-81 season, and 
it  is evident from the data (Figure 9) tha t  about 50% of the  time December w i l l  
not be a good month f o r  herring f ishing.  
Confidence Limits 
A 95% confidence i n t e rva l  was calculated for each spawn individually from 1 
variation i n  the  density of egg deposits. The f i v e  l a rges t  spawns during the 
season a l l  had 95% confidence i n t e rva l s  l e s s  than 50% of the  est imate (Table 7). 
A l l  of the sub t ida l  spawn had 95% confidence in te rva l s  g rea te r  than the  e s t i -  
mate, but they accounted f o r  only 8% of the  season's spawning biomass. 
DISCUSSION 
Tomales Bay 
The Tomales Bay herring population was estimated t o  be only 1280 tons i n  
the 1983-84 season ( s p r a t t  1984a), well  below the long-term mean of 6700 tons;  
and a t  the time, i t  was thought tha t  the decline was due t o  a s h i f t  i n  the dis-  I 
t r ibut ion of the  population associated with the 1982-84 E l  ~ i g o  ra ther  than a I 
decline i n  abundance (Spratt  1984a). Herring returned t o  Tomales Bay i n  the  
-A 
1984-85 season and the  population estimate increased about 500% o r  6600 tons,  
nearly equaling the  long-term average. From the data  it i s  apparent tha t  the 
Tomales Bay.population did not decline a s  severely a s  the  1983-84 season popu- 
la t ion  estimate indicated,  and tha t  the d i s t r ibu t ion  or the  spawning habits of 
herring had been a l te red  during the  1983-84 season. However, the  1984-85 popu- 
la t ion  estimate i s  about 40% lower than the  recent peak of 11 200 ton i n  the 
1982-83 season. 
San Francisco Eay 
Spawning escapement in San Francisco Bay in 1933-84 did not decline as 
dramatically as in Tomales Bay. Nearly all of the decline in San Francisco Bay 
was due to poor growth (Spratt 1984b), and the modest increase (15%) in spawning 
biomass in the 1984-85 season can be attributed to an improved growth rate for 
herring during 1984 (Spratt 1985). 
Both San Francisco Bay and Tomales Bay herring were underweight during the 
1983-84 spawning season, and natural mortality could have been higher than nor- 
mal during the spawning season. Thus, the popuiation may have declined to a 
level lower than the 1983-1984 spawning season estimate of 40 OOC tons, before 
environmental conditions improved and the San k=ancisco Bay population began to 
!, 
\ 
L. increase from growth and recruitment. . . 
C 
CONCLUSION 
The latter part of this decade can be looked upon with optimism with regard 
to herring. While a sudden return to recent peak I.evel-s sf abundance is not 
. - 
expected, the populations are expected to exhibit normal variation and provide a 
stable base for the fishery in the-rc;l;, i'uture. 
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TABLE 2. Tomales Bay ~ e l ~ r a s s '  Bed Measurements i n  March 1985, 
Only Beds Number 1 through 9 Were Remeasured. 
Bed Ar 5a Bed Are9 
number m number m 
1 
1A 
2 
3 
3A 
4 
5 
6 
7 
8 
9 North 
9 South 
10 
11 North 
11 Middle 
11 South 
12 
13 
2 Total area 3 904 700 m . 
TABLE 3. Tomales Bay Pacific Hercing Biomass Estimates 
1973-74 through 1984-85 Season. 
Spawn estimate Catch Spawning biomass 
Season 
- 
(tons) (tons ) (tons) 
TABLE 4. Confidence Intervals of the Tomales Bay Berring Spawn 
Estimates During the 1984-85 Season, 
Spawn Standard err  r D. F .  Estimated 2 95% Date Location eggs per m N- 1 tons , Conf. i n t .  
Total 61'56 
TABLE 5. San Francisco Bay Spawn Data, 1984-85 Season. 
Conversion 
Ar2a No. eggs Kg v%* No. eggs Mi l l ions  f a c t 0  
Date Location m p e r k g v e g .  p e r , s q .  m. p e r m  of eggs X Tons 
1 Nov 84 Kiel Cove ' 67 000 5000 1.4 7 000 469 .0162 10 
8-9 Nov 84 Kiel  Cove 67 000 60 000 1.4 84 000 5628 .0162 90 
23 Nov 84 Richardson Bay 1 463 000 32 000 . 1  3250 5120 .0162 80 
3-4 Dec 84 San Francisco 30 300 * j, 2 000 000 60 000 .0121 730 
17-20 Dec 84 San Francisco 117 000 * * 2 000 GOO 234 009 .0121 . 2830 I 
w 
6-8 Jan 85 San Francisco 517 000 * * 2 517 000 1 301 289 .0107 . 14 900 
8-9 Jan  85 South Bay 64 000 * * 2 100 000 134 400 ,0107 1 400 ' 
9 Jan 85 Sausa l i t o  7000 * * 560 000 3923 .GI07 40 
20-24 Jan  85 South Bay 9000 * *. 1 735 000 15 615 ,0107 170 
24-25 Jan 85 San Francisco 150 000 * * 3 675 000 ,551 250 ,0097 5300 
13 Feb 85 Coyote Pt .  8000 R * 1 220 000 9760 .0088 9 0 
16-17 Feb 85 Belvedere Tiburon 141 000 * * 2 618 000 369 138 .0088 3200 
16-17 ~ 6 b  85 Belvedere Cove 300 COO i 975 000 .3 592 5PO 177 750 .0088 1600 
16-17 Feb 85 Kiel Cove 67 000 950 000 1.4 1 330 000 89 110 -0088 8 OC 
25 Feb 85 Angel I s l and  113 000 * k 3 173 000 358 549 ,0088 3200 
9 Mar 85 Angel I s l and  134 000 * -k 3 887 000 520 858 .008 4200 
9 Mar 85 Angel I s l and  20 000 1 260 000 3.3 4 158 000 83 160 -008 67 
Tota l  3 274 000 3 '320 106 38 380 
*These a r e  i n t e r t i d a l  spawning8 and vege ta t ion  parameters a r e  not requi red .  
i .  
TABLE 6. San Francisco Bay Pacific Herring Biomass ~stim&es 
1973-74 through 1984-85 Seasons. 
Spawn estimate Catch Spawning biomass 
Season (tons) (tons ) (tons) . 
TABLE 7 ,  Confidence I n t e r v a l s  of the  San Francisco Bay Herring Spawn 
Estimates During t h e  1984-85 Season. 
Spawn Standard err r D. F. Estimated 95% 
d a t e  Location eggs per m N-1 tons Confidence In t  . 
Kiel Cove 
Kiel Cove 
Richardson Bay 
San Francisco 
San Francisco 
San Francisco 
South Bay 
Sausal i  t o  
South Bay 
Hunters P t .  
India  Basin 
Coyote P t  . 
Belvedere-Tiburon 
Belvedere Cove 
Kiel Cove 
Angel Is land 
Angel Is land 
Angel Is land 
Tota l  
' - Y k T k + O O  0 
'SCALE IN METERS 
FIGURE 1. Tomales Bay with. numbered ge'lgrass beds. 
. .  
FIGURE 2. San Francisco Bay herring survey area:. 

FIGURE 4. Yegetation densitfes kg/m2 i n  ~ ~ a n  Fra cisco Bay i n  the 
. fall o f  1984. 
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FIG'JRE 5 .  Subtidal herring spamings and dates of occurrence 
in San Francisco Bay during the 1984 -85  season. 
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FIGURE 6 .  Intertidal herring spawning and dates of occurrence 
in south San Francisco Bay during the  1984-85 season. 
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FIGURE 9 .  Changes in the location of herr-ibg spawning in San 
Francisco Bay from 1973 to 1985. X* 

